Spinal anesthesia is increasingly viewed as a reasonable alternative to general anesthesia for lumbar spine surgery. However, the results of spinal anesthesia in elderly patients undergoing lumbar spine decompression and combined decompression and fusion procedures are limited in the literature. The aim of this study was to report a single institution's experience using spinal anesthesia in elderly patients undergoing lumbar spine surgery. A retrospective review was conducted using a prospectively collected database of consecutive lumbar spine surgeries performed under spinal anesthesia in patients 70 years or older at a single center between December 2013 and October 2015. A total of 56 patients were included in the study; 27 patients (48%) underwent lumbar decompression and 29 patients (52%) underwent combined decompression and fusion procedures. Mean operative time was 101 minutes (range, 30-210 minutes), and mean operative blood loss was 187 mL (range, 20-700 mL). Mean maximum inpatient postoperative visual analog scale score was 6.2 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Nausea occurred in 21% (12 of 56) of the patients. Mean length of stay was 2.4 days (range, 1-6 days). No mortality, stroke, permanent loss of function, or pulmonary embolism occurred. None of the cases required conversion to general anesthesia. All of the patients were ambulatory on either the day of the surgery or the next morning. These results demonstrate that spinal anesthesia is a viable method of anesthesia for patients 70 years and older undergoing lumbar spine surgery. They also demonstrate the safety of this method for patients older than 84 years and for surgeries lasting up to 3½ hours. [Orthopedics. 2017; 40(2):e317-e322.] [1] [2] [3] [4] [5] [6] Elderly patients are at increased anesthetic risk due to their lack of physiologic reserve. Accordingly, elderly patients are a particularly appealing population for anesthetic techniques that have the potential to reduce anesthetic risk. Given the benefits of spinal anesthesia encountered with lumbar spine procedures in the general population, its use for elderly patients deserves investigation. Three published studies on spinal anesthesia have included patients 70 years or older, but unfortunately, no study to date has focused exclusively on the geriatric population. [7] [8] [9] The purpose of this study was to report a single institution's experience using spinal anesthesia for lumbar spine decompression procedures or combined decompression and fusion procedures in patients 70 years or older.
Materials and Methods
After receiving institutional review board approval, a prospective surgical database at the authors' institution was searched to identify patients 70 years or older who underwent lumbar decompression or decompression and fusion using spinal anesthesia by 1 of 2 surgeons between December 2013 and October 2015. Patients' medical records, operative reports, and hospital discharge summaries were reviewed.
Patients included in this series were determined preoperatively by their surgeon and anesthesiologist to be a reasonable candidate for spinal anesthesia. Contraindications for spinal anesthesia included: severe aortic stenosis, ongoing anticoagulant or antiplatelet medication, prior panlumbar fusion, psychiatric disease that would preclude cooperation with sedation with spinal anesthesia, or an airway considered to be at risk for obstruction with prone positioning. None of the patients had a spine tumor, infection, or fracture.
Spinal anesthesia was administered in the operating room with the patient sitting on the edge of the stretcher. Up to 100 µg of fentanyl were administered as premedication prior to spinal anesthesia. After injecting the subcutaneous tissues with lidocaine, the spinal needle was advanced toward the spinal canal. The L3-L4 level was used preferentially. The selected level was shifted cephalad to L2-L3 or caudal to L4-L5 or L5-S1 based on the levels to be operated on and the levels previously fused.
After the spinal canal was entered and spinal fluid aspirated, the anesthetic agents were injected. For patients undergoing decompression and fusion, 15 mg of 0.5% isobaric bupivacaine was injected into the subarachnoid space. For patients undergoing decompression, 50 mg of 2% lidocaine was injected. Needle placement was guided by anatomic landmarks; supplemental radiographic guidance for needle placement was not used.
After the spinal anesthetic was injected, the patient was positioned supine on the stretcher. Typically, the absence of sensation from the waist distally occurred within 30 seconds of injection, and the patient then was positioned prone on the operating table. The patient's breathing and oxygenation were monitored closely for several minutes to confirm that airway obstruction or insufficient oxygenation did not occur. After confirmation of a stable airway with the patient in the prone position, mild sedation was titrated with propofol based on the preference of the patient and comfort level of the anesthesiologist. Sedation to some extent was administered for all patients.
A Jackson table (OSI, Union City, California) allowing for a free-hanging abdomen or a Wilson frame (OSI) in an expanded position was used for all patients according to surgeon preference. The patient's head was positioned straight or rotated to the side based on patient comfort and neck flexibility. The head was supported by either a foam pillow with a face cutout or a stack of bed-pillows based on the preferred neck position and the patient's comfort. In all cases, the patient's eyes were confirmed to have no external pressure. Typically, patients preferred to have their hands near their face, with shoulders flexed 90°, abducted 30°, and elbows flexed 90°. Patients were encouraged to move their neck and arms during the procedure to optimize comfort.
As indicated by diagnostic imaging and the prevailing symptoms, the surgeon performed either a decompression or a combined decompression and fusion procedure; a posterior approach was used in all of the procedures. Decompression consisted of a single or multilevel laminectomy, laminotomy, or partial diskectomy, based on the stenotic pathology. All fusions received supplemental instrumentation using titanium 5.5-mm rods and bilateral pedicle screws. A posterior intertransverse arthrodesis was performed for all patients in the decompression and fusion group. Twenty-two patients (76%) undergoing decompression and fusion also received an interbody arthrodesis at the surgeon's discretion using a polyether ether ketone (PEEK) interbody cage.
The types of bone grafts used for the procedures included autogenous iliac crest, local bone, cancellous allograft, and recombinant human bone morphogenetic protein-2 (BMP) (INFUSE; Medtronic Sofamor Danek, Memphis, Tennessee). The choice of bone graft varied based on surgeon preference and patient-specific factors such as nonunion risk, nutritional status, and bone mineral density.
Based on surgical time and the patient's preoperative state, decompressions were performed as either inpatient or outpatient procedures. All patients undergoing fusions were admitted to the hospital. Pain and nausea levels were routinely obtained by nursing staff every 15 to 30 minutes in the postanesthesia care unit until the patient was transferred to the inpatient service and then every 8 hours until hospital discharge. A visual analog scale (VAS) was used to assess pain, and nausea was assessed by having patients respond yes or no when asked whether they were nauseous; both metrics were abstracted from the nursing record for further analysis. Maximum VAS score was the highest reported score (range, 0 to 10) during patients' hospital stay, and patients were considered to have postoperative nausea if they responded yes at least once.
Hospital records were reviewed to determine the presence of intraoperative complications and complications occurring prior to discharge. Clinic notes from postoperative follow-up visits (4 weeks, 8 weeks, and 12 weeks postoperatively) and any documented postoperative communications were examined to determine the occurrence of complications after hospital discharge.
Complications were defined as either major or minor. Major complications included cardiorespiratory arrest, acute myocardial infarction, arrhythmia requiring intervention, respiratory failure, pulmonary embolism, bacterial pneumonia, aspiration pneumonia, pneumonia with unknown organism, stroke, and wound infection requiring reoperation. Other adverse events were defined as minor complications.
results

Patient Characteristics
Between December 2013 and October 2015, a total of 323 patients 70 years or older underwent lumbar spine decompression or decompression and fusion performed by 1 of 2 surgeons at a single institution. Of these, 56 patients (17%) underwent surgery with spinal anesthesia. Demographic characteristics are summarized in Table 1 .
Twenty-seven patients (48%) underwent lumbar decompression and 29 patients (52%) underwent combined decompression and fusion procedures. The primary indications for fusion were dynamic spondylolisthesis in 19 patients (66%), scoliosis in 4 patients (14%), severe foraminal stenosis requiring facetectomy in 3 patients (10%), recurrent disk herniation in 1 patient (3%), severe degeneration adjacent to a fused segment in 1 patient (3%), and nonunion in 1 patient (3%).
Surgical Treatment
Surgical procedures are summarized in Table 2 . The average operative time was 101 minutes (range, 30-210 minutes) ( Table 3) . Longer times were associated with decompression and fusion procedures (mean, 130 minutes; range, 80-210 minutes) vs decompression procedures (mean, 69 minutes; range, 30-120 minutes). Mean estimated blood loss was 187 mL (range, 20-700 mL). As expected, patients undergoing decompression and fusion typically lost more blood (303 mL; range, 20-700 mL) than those undergoing only decompression (67 mL; range, 20-400 mL). No case required conversion to general anesthesia. Intraoperative cerebrospinal fluid leaks occurred during 2 (4%) cases and were fully repaired at the time they were noted. In both cases, the source of the spinal fluid leak arose from dural laceration during decompression. Both patients ambulated with physical therapy the morning after surgery without headache.
Postoperative Measurements
Patients spent an average of 123 minutes (range, 32-310 minutes) in the postanesthesia care unit ( Table 3) . Fifteen decompression patients (55%) were discharged home on the day of surgery. The remaining decompression patients and all of the decompression and fusion patients were admitted to the orthopedic inpatient unit for 1 to 6 days (mean, 2.4 days). Mean maximum inpatient postoperative VAS score was 6.2 (range, 1-10). Nausea occurred in 12 patients (21%).
Complications
Overall, among both surgical groups, 11 patients (20%) experienced 1 or more complications either in the hospital or after discharge. Although there were no mortalities, stroke, paralysis, or permanent loss of function, 3 patients (5%) experienced major complications that included wound infection leading to reoperation, severe bradycardia necessitating pacemaker placement, and myocardial infarction requiring a stent ( Table 4 ). There were 10 minor complications: external ear bleed, urinary retention, transient delirium, transient drop foot, 2 urinary tract infections, ileus, superficial wound cellulitis, transient exacerbation of mild dementia, and transient atrial fibrillation
discussion
The results of this current, single institution case series confirm that spinal anesthesia is a viable method of anesthesia in elderly patients undergoing lumbar spine decompression and combined decompression and fusion procedures. This is the first study to evaluate spinal anesthesia for lumbar spine surgery in an exclusively geriatric population. In addition, this is the first study to document spinal anesthesia for spine surgery in patients ranging in age from 84 to 91 years, with 9 patients between 84 and 91 years. The median age of this cohort was 77 years, and this study is the only reported study to focus solely on the geriatric population and to include geriatric patients from the United States. The longest surgical time of 3½ hours in this series exceeds the longest spine procedure performed under spinal anesthesia at any age in the literature.
There is a paucity of literature on spinal anesthesia for spine surgery in patients 70 years or older, with no study to date focusing exclusively on the geriatric population. In 2006, a case series by Goddard and Smith 7 in the United Kingdom reported the outcomes of spine surgery using spinal anesthesia in 125 patients who were younger than 72 years (mean, 44 years). Patients underwent combined decompression and fusion, decompression only, or implant removal. The authors reported no anesthetic-related complications. Unfortunately, the number of elderly patients included in the study is unknown.
In 2013, Singeisen et al 8 reported the findings of a retrospective German study comparing anesthetic times of spinal anesthesia vs general anesthesia in 368 patients who underwent lumbar spine decompression or combined decompression and fusion. The median age of the spinal anesthesia group was 61.7 years (SD, 15.4 years). The study only considered surgical time points and found that patients under spinal anesthesia had shorter operative times than those under general anesthesia. The upper age range and number of patients older than 70 years was not reported.
In 2015, concurrent with the present study, Erbas et al 9 reported the results of lumbar fusion surgery with spinal anesthesia in a case series of 497 patients in Turkey. Of these, 119 patients were between the ages of 71 and 84 years. No spinal headaches or cardiopulmonary complications occurred, and the average length of hospital stay was 2 days.
Many clinicians question whether spinal anesthesia is a viable option for procedures lasting longer than 2 hours. The current series had a mean operative time of 101 minutes with 21 cases lasting between 2 and 3 hours, 5 cases lasting longer than 3 hours, and the longest case lasting 3½ hours. The longest previously published operative time for lumbar spine surgery using this technique was 3 hours and 18 minutes, with a median surgical time of 80 minutes. 7 The safety and efficacy of spinal anesthesia observed with operative times of up to 3½ hours in the current series suggests that spinal anesthesia may be appropriate for longer periods than previously believed. For longer surgeries under spinal anesthesia, the surgeon should be prepared to re-dose spinal anesthetic through the surgical field; however, this has not been necessary to date in the current authors' experience. Intraoperative neuromonitoring is not viable with this technique as the spinal anesthetic interrupts voltage-gated sodium channels in both motor and sensory neural synapses, effectively reducing transmission through the neuro-axis.
The present study included 11 twolevel fusions and 7 three-level fusions. In the 3 previously published studies reporting the use of spinal anesthesia for lumbar fusion, the number of levels fused was unclear. [7] [8] [9] The literature has suggested that spinal anesthesia may offer intraoperative benefits compared with general anesthesia for 1-to 3-level lumbar decompressions. These benefits included decreased blood loss, 1,2 lower mean heart rate, 2,3,6 lower mean arterial pressure (MAP), 2, 3, 6 and decreased variability in both mean heart rate and mean MAP, 1, 4 as well as postoperative benefits such as decreased dependence on narcotics, 1,2 and lower rates of both urinary retention 3, 6 and nausea. 2, 3, 6 Whether these advantages can be extended to older adults is unknown. In the current series, 2 patients (4%) experienced postoperative urinary retention, and 12 patients (21%) were nauseous at least once during their hospital stay, with the latter being higher than most of the reports in adults. 1, 2, 3, 6 Nonetheless, anesthetic technique in older adults undergoing spine surgery may present as a potentially modifiable factor against the major complications associated with older age and general anesthesia.
Postoperative delirium, a common occurrence in elderly patients, is associated with cognitive decline. 10 Therefore, preventing postoperative delirium may deter onset of cognitive dysfunction in elderly patients. In a randomized controlled trial, Sieber 11 found that a reduced depth of anesthesia decreased the incidence of postoperative delirium. In the current study, 2 of 56 patients (4%) displayed transient postoperative cognitive dysfunction lasting no longer than 24 hours; this was described as exacerbated dementia in the first patient and delirium in the second patient. It is possible that the incidence of postoperative delirium might have been greater if this elderly cohort had undergone general anesthesia.
Intraoperative dural tears resulting in cerebrospinal fluid leak occurred in 2 patients (4%). Both were repaired immediately with interrupted suture ties and the administration of fibrin glue, without further complication. There were no cases of spinal headache arising from needle placement with administration of spinal anesthesia observed in this series. The potential for symptomatic spinal fluid leak caused by needle placement, however, is a reported a combined 4.3% occurrence of cardiorespiratory arrest, acute myocardial infarction, respiratory failure, pulmonary embolism, pneumonia, stroke, and wound complications in 32,152 patients 66 years or older. In their series, patients underwent either lumbar decompression spanning 1 to 2 levels or lumbar fusion spanning up to 3 or more levels. In the current consecutive series of 56 patients 70 years or older undergoing similar procedures but with spinal anesthesia, 3 patients (5%) experienced major complications: myocardial infarction, severe bradycardia, and wound infection leading to irrigation and debridement. The remaining complications were regarded as minor and did not slow patient recovery.
At the current authors' institution, spinal anesthesia is used increasingly for patients considered to be at increased anesthetic risk. During the 23-month study period, 17% of geriatric lumbar surgeries were performed with spinal anesthesia. Based on the authors' favorable experience with this, the use of spinal anesthesia as a standard of anesthesia for such patients is expected to increase.
There are several limitations to the present study. As the principal focus of this study was the assessment of spinal anesthesia in patients 70 years or older undergoing lumbar spine procedures, longterm surgical outcomes were not evaluated. Long-term outcomes in a geriatric population after lumbar decompression and fusion using general anesthesia have been reported elsewhere. [12] [13] [14] In addition, selecting patients who were at increased anesthetic risk biases whether the present results can be extrapolated to the larger elderly population.
The retrospective chart review study design also introduced the possibility that some relevant data, including complications, may have missed detection. However, hospital records and clinic notes were available for 100% of the patients, thus minimizing the potential for data loss.
This study is unique in that it is the first to focus solely on the geriatric population undergoing spine surgery with spinal anesthesia and the first to report spinal fusion with spinal anesthesia in the United States. It also is the first study to describe the successful use of spinal anesthesia for spine surgery in patients older than 84 years. In addition, it also presents an uneventful 3½-hour lumbar fusion with spinal anesthesia, which is a longer operative time than any previously published lumbar spine procedure using this technique.
conclusion
This single-institution consecutive series of decompression and decompression and fusion procedures confirms that spinal anesthesia is a viable method of anesthesia for patients 70 years and older. It also demonstrates the safety of this method in patients older than 84 years and for surgeries lasting up to 3½ hours. With spinal anesthesia demonstrated to be a viable anesthesia method for this population, future comparison studies relative to general anesthesia are justified.
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